
Measured in this way, the productivity offset includes the effect of any growth in minutes

of use per line ("g" in the balanced 50/50 formula adopted by the Commission in the

common line basket) because the LEC's measured TFP growth uses actual growth of both

minutes and lines as the measure of output. Also, measured directly, LEC TFP uses an

estimate of capital input which more accurately reflects economic asset lives rather than

the anificial accountina asset lives which are embodied in the LEC data used to estimate

the productivity offset in the indirect method employed by the Commission in 1990. Most

importantly, we also observe that the productivity offset should be stable over a Jong

period of time, and the price cap review should not be used to true up the productivity

offset because of successes or failures of the relUlated rmns under the plan.

The :!sWr.c of Pro.oosecl Ru1cm,ki. (NPRM) soupt comment as to whecber the

Commission should adopt a mechanism which would adjust the plan to reflect changes in

interest rates or whether a one-time chinle in the LEe's price cap index should be

required. I We examine these questions aDd rind that the plan as originally aniculaced

properly adjusts prices to reflect chanps in interest ntes aDd that there is no basis for

a one-time chanae of the price cap index. No special adjustment for chanps in inrerest

rates is required becauIe chlnps in interest rates reprae.. cblJlaes in the input prices that

affect every iDduIuy iD die U.S. While cblJlaes in capital. labor or nw materials prices

may affect ... COllI of ditrerent induscries diff~y. dependinl on the mix of inputs

used. we sbow that ditferell:eS in input price JI'Owth rates are implicitly part of the

productivity offset in die pJu. Thus interest rare chaDps-u well u cblJlaes in other

'NPRM, CC Dock. No. 94-1, Rei... F.,." J6, 19911, ,.... 46.•
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input prices-:~re accounted for through (i) the measure of U.S. inflation (GNP-PI) and

through the productivity offset which accounts for any differences between U. S. and

industry input prices. The price cap-regulated firm thus does not automatically benefit

when input prices fall; rather. it benefits only to the extent that it can adapt its inputs to

the change in prices so that its costs fall relative to costs of other finns in the economy.

In theory. the purpose of the price cap review is to ensure that there are no

gross errors in the components of the fonnula as established in 1990. Our assessment of

the economic perfonnance of the components of the formula to date is that there is no

clear need to dramatically change any of its parameters.
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ECONOMIC PERFORM~'lCE OF THE LEe PRICE CAP PLAN

The stated purpose of the Commission's review is to conduct a comprehensive

examination of the effects of LEC price cap regulation. The Commission invited panies

to submit data, analysis and comments rqarding ways to improve the current plan.

Specifically included among the issues were (i) an examination of the need to change the

value of the productivity offset (X) and (ii) whether to make a one-time adjustment to the

LEC price cap index or to adopt a mechanism for adjusting the plan to reflect changes

in interest rates. In this repon, we examine if there is a need to change the value of

X and to adjust the price cap index for possible chanles in interest rates.

I. THE ECONOMIC STRUcrou: OF PRICE CAP REGULATION

To evaluate tbe success of an allenlldve form of replation. we must have a

clear set of criteria tbat • replatory plan should meet. Our swtiDI point is the view that

(with few exceptioM) tbe competitive procell leads to load ecoaomic outcomes: just aDd

reasonable ,... suitable levels of service quality. an appropriate retUrn on investment.

an effie... UII of scarce resources, the proper rate of teebnical pI'OINII. and an adequate

incentive to impleme. and market new products and.mea. TIIus. rep1ation should

foster • competitive outcome in tbose markets where compeddoD bas yet to develop..
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To refine the objectives fuMber, a minimal theoretical objective is economic

efficiency, i.e., that regulation should emulate competition in producing the most valued

mix of goods and services .giventhe limitations imposed by the scarce resources of the

economy. l Economists distinguish between technical efficiency and allocative efficiency.

Technical (or first-order) efficiency means that goods and services are produced at the

lowest possible cost. Allocative (or second-order) efficiency means that prices are set so

that consumption decisions are based on the true incremental cost of service and consumers

thus exchange goods and services at the same rates that it costs society to produce them.

The tenns "first-order" and "second-order" effICiency refer to the likely mapitude of

efficiency losses: technical ineffICiency affects III output produced at excessive costs while

allocative inefficiency affects only output M tile magiD. inappropriately stimulated or

repressed by prices that differ from lIWIinal COlt.

In theory, rate of return (RoR) replatiOD sets prices equal to reaJilaI costs, so

that allocative (second-order) effICiency is satisfied. 'Ibis view of theoretical RoR

regulation is a bit too simple for several reaIOIII: (i) RoR replation sets prices to recover

embedded accountinl COltS. DOt forward-lookiDa ecoDOIDic COltS. aDd (0) for a multiproduct

finn, RoR sets ......pu prices equal to ..... (embedded)COIU. so tbat prices need

not equal real_ CC* for eICh service. In pncdce, RoR repIatioD wu in pllce while

specifIC deY.... from COlt were impoted on IUMIOUI services (due, for eumple, to

iA m-.re of •••••Ie tfIIciIncy is .. _ til (I) .,.. ( eli.. II willi
CCIftMMn IChIIIly .- ,. ~_ ., be win ,.,) .. (ii) ...
surplus (the diftiaWiW willi 11I1 ~ tar 1M COlI of procIucifti
those pods IIId ~i_). Since ca .....uy pay iI .... _ • willi ....... receive
in revenue, thil ........ il NIIly the dirr..iW .,.._ willi can...-. would be will.. to I*Y for aoodl
IIKI services II'Id the COlt of producinl them.
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universal service. canier of last resort. and readiness to serve obligations). In addition.

the finn is given no incentive (in theory) to ensure that realized costs are minimum costs.

so that allacative efficiency. if achieved, is achieved at a sacrifice of technical efficiency. 3

Price cap regulation. in contrast, decouples (i) prices from observed costs and

(ii) profits from investment so that the regulated finn has the same incentive to pursue

technical (first-order) efficiency as an unreplated finn. The potential risk in decoupling

prices from observed costs is that technical effICiency may be achieved at a sacrifice of

allocative efficiency: over time, prices may beain to move awiy from costs.

Mitigating these concerns in the LEe price cap plan is the annual adjusanent

to the price cap, desi,ned to correct the price cap for cost chanles over time in a way

that does not reduce incentives to minimize production costs. The annual adjustment to

the price cap is carefully constructed to avoid compromising the incentive properties of the

plan. In addition, the plan allows for periodic performance reviews whicb, if carefully

conducted, can also be used to balance the achievement of technical and allocative

efficiency. If misused, however. the results of a periodic performance review would

significantly dilute any improvement in iDcemives the Commission inteDded with the

adoption of the plan. Ad)astiDI prices or tile productivity offIet for UDlDticipated successes

. or failures UDder tile plan would perversely reward failure and punish success. In

addition. I review period of four yean is barely sufflc:ient time to obIerve the effects of

JOf coune. difftn .. 1111.._.11 f 1_ of IIOI'Y pndice
IS ....uJIIOr)' III Iftd prudIIIce lUdits diminish somewItII Ibe inanIi.,. '_ Of 1I"IditiMII J'IIUlllion.
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improved incentives on the long-run behavior of the regulated company. and measurement

of such changes would be inherently inaccurate. 4

A pure price cap plan with annual adjustments to the price cap index sets a

balance between the objectives of technical and allocative efficiency. Technical efficiency

is encouraged because the finn keeps what it eamss. The linkages between earnings and

investment and between prices and costs are effectively broken. Allocative efficiency is

fostered through the annual price cap adjustment and the prudent conduct of periodic

reviews.

$r..*
The hean of the LEe price cap plan is the IDIlUII adjustment to the price cap.

An annual price cap adjustment consists of three components.

1. a productivity offset (X) which is stable over a lona period
of time,

2. the annual cbanp in U.S. .... prices u meuured each
year by the GNP fIXed wei.. price index (GNP-PI), aDd

3. the a.... c'" in costs (Z) cIIIe to exosenous events such
as replMory separations or lCCoumilll cbaDps.

"01" I ,'I, _ ..... inIproY_ ill JI .J ..~ _ (CUIIO_ relalionl.
m..... dn.1 , I. fII .. .-vicII, 1tC.) ,..... CIP ,.... liMI ...... of dIInIIId
COIIIribut. to .......... in 1M ... way • 'IJu COllI. AI • ...,. of' ,.,...:avily chIIIp, such
improvements .. likely to be ltow.' in .,nv"" .. praJucdvity ell... ft'OIII COlt rlduc:lionI which
have susWned productivity powdI in die ttlecolll._icllioM i~ in die ..

'This pNUIMI the ....111. of at ....iII.............i.... An ............. mechlnism hinders
the achievement of technical "eflk:iillC)'.



The logic of the price cap adjustment fonnula is to select the appropriate productivity

offset such that the allowed price changes reflect efficient behavior. The formula for the

price cap adjusnnent can be derived from the relationship among changes in output prices,

changes in input prices, and the rate of growth of total factor productivity (TFP) for the

finn.

Using that fonnula and data over some historical period. there are two methods

of detennining a productivity offset X:

(i) a direct method. which calculates the historical rate of TFP growth of the

LEe industry from the difference between tbe arowtb rates of physical outputs

(lines. minutes. etc.) and physical inputs (labor. capital. raw materials) and

subtracts the historical rate of TFP growth for the economy as a whole, aDd

(ii) an indirect method. which measures tbe rate of chanae of output prices for

the LEe industry relative to thole of tbe economy as a whole.

The economic principle of duality can be UIId to show tbe theoretical equivalence of these

two approaches to productivity measuremenI UDder eenaiD conditions.

In an accompanyina submission in this docket.~ Associates perform

the direct calculation of LEe industry TFP powtb for the 1984-1992 period. The direct

approach to the calculation of an offlet bII two adv...... over the indirect approach

reported bJ dill Commission at the iDcepdoD of LEe price cap repIation. First. this
.

measure of • productivity offset UJeI a ...... of Clpital input baed OD economic asset

lives. rather than the implicit replatory accoonri. IIIIt livea tbIt 11'1 embedded in the

prices used in the indirect method of caIcu.... die productivity otflet. Economic lives



'This rule is derivtd in Appendix I by 4iflllu.ildnl die idemity dMI ual rev.. equal. tocal COlt.

'Note thll Z· CIII be positive or neplive.

B. Qutgut PrIce ehe. ,. the ....u

A basic identity in economic theory states tbat--for an individual rum or

industry--the rate of growth of TFP is equal to the difference between the rates of growth

of the finn's input prices and output prices.6 ApplYina this role to the LEC yields

are presumed to be a more accurate measure of how long capital is useful than the

accounting lives which were assigned to accommodate policy goals such as service

affordability. Secondly, the direct measure of TFP growth uses lines and minutes as

measures of output growth, so that no separate measure of growth in minutes of use per

line ("g" in the Balanced SO/SO fonnula using the indirect method) is necessary to calculate

the productivity offset using the direct method.

tip =dw - trrFP :t dZ(1)

where tip represents the annual percemqe chinle in output prices, dZ represents the unit

change in costs due to external circumatlllces,7 and dwrepraents the annual percenta,e

change in input prices. Thus revemle c..... for a price cap reaulaled rmn would tend

towards efficiency when the price cap fOl'lDllla (i) iDcreues the fmn's output prices at

the same rate as its input prices lea die off. chaDp in productivity growth, aud (ii)

directly pilla dIrouIIa exopnous cost c.......

EqaIdoD (1) loots a pat deal lib the aDIIIII Idjulb'ld equation in the LEC

price cap pIia: die allowed price chinle for the industry is set at a mellUR of its input



price chan~~ less its TFP growtll adjusted for exogenous cost pass-throughs. If GNP-PI

were taken as a measure of the LEes' input price growth and X were the its IFP

growth, equation (1) would indeed be the same as the LEe price adjusanent fonnula.

However. there are three errors in this interpretation. First, if equation (1) applied

uniquely to the regulated firm, price cap regulation would not differ materially from

traditional RoR regulation. If input prices, productivity growth and exogenous cost changes

were updated each year, the output price change that would result in each year would

mirror the change in costs, in just the same way as under RoR regulation. Second, GNP-

PI measures national ougNt price growth, not the firm or the LEe industry's input price

growth, so even if the fum or the industry is a microcosm of U.S. industry, GNP-PI is

not an appropriate measure of its input price growth.' Third. X in the LEe plan is a

differential TFP growth rate for regulated fmDS relative to U.S. industry as a whole (or

relative to the TFP growth already embodied in the GNP-PI). Tbe chanae in TFP in

equation (1) is the absolute TFP growth for the LEe industry. Again. unless U.S. TFP

growth is zero, X is not equal to dTFP.

To get from equation (1) to die LEe price adjuJawnt fOnDula. we must

compare the productivity growth of the LEe industry with the productivity growth of the

U.S. economy.

'Ra. dIa ........ arowdI differs ". by 1M in m. Hence, only
when llllionAl procIuctivity JrOwdI i. mo doll GNP'"" price 1fOWIh·
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For the U.S. economy as a whole, the relationship among input prices, output

prices, productivity, and exogenous cost changes can be derived in the same manner as

it was derived in equation (1) above, differentiating the identity that the value of output

is equal to the expenditure on inputs.

(2)

where dp N is the annual percentage change in a national i_x of output prices; dw N

is the annual percentage change in a national index of input prices; dTFp N is the annual

change in the economy-wide total factor productivity and dZ represents the change in

national output prices caused by the exogenous facton included in equation (1). If we

subtract equation (2) from equation (1), we see that

dp - tIpN = [dw - dwNj - [dTFP - dTFPNj :t [lIZ - dZNj,

or

tIp • tip N _ [ ( dTFP - dTFP N ) - ( dw - dw N ) ] :t [ lIZ - dZ N ] ,

which simplifIeS to

(3) tip ••N - X :t Z.

Equation (3) II die~ equivalent of the LEe price adjustment formula. The

allowed price c' r for the replated firm for • puticuJar year is liven by:

1. the rate of inflation of national output prices '" Nmeasured by tile GNP-PI,

2. lea a pnJductivity offlet, X, wIIidl DOW ........ productivity powth
diIII ...... between the annual TFP powcb of the replated industry aad the



quantities. As written, the price cap fonnula adjusts prices in each period for inflation

and exogenous cost chanles but leaves the productivity offset held constant duriDI the plan.

Equation (4) is the foundation of the price adjustment formula in the LEe price

Pr : PH x [ 1 + GNP-Plr_1 - X] + Z,_l

plan:

whole, plus (iii) the difference between the effect of exopnous chaqes on LEe costs and

measured as the difference between the chinle in LEe TFP and that of the nation as a

to (i) the chanle in a national index of output prices less (ii) the productivity offset,

cap plan. In words, the allowed chanp in output price for an individual rum is equal

where P, represents the regulated fInD's weilhted averale' price usina base period

3. plus exolenous unit cost chanaes. written as the difference in the unit costs
of the exogenous change between the regulated industry and the U. S.
economy.

Simple algebra translates equation (3) into the formula that appears in the LEe price cap

U.S. economy, adjusted for differences, if any, between the rate of growth
~ - of input prices for the regulated industry and the U.S. as a whole. 9

"Ibis.fIb la' II die eli _ ftna .. U.S. TFP JI'OW'h ,.. if the n&IS of
input price ....... 1M _ for ftnIl .. 1M : i.•.• if cIw • ctw". EvidJMe ..,lIItinl this
........ WII PIlII III' .., Dr.~ Cbl'iJ'BII' ill ••• , at ATAT'I Cal ILIIII in LlIIID••• to the
FCC's Ngsist If PI d hI 'jw ia CC 0.-. 11-313. "lid 0 19. 1911. ACCClNiaI to Or.
Christen...'s c.~ • COlI inftllion for 1M 8111 S~ aM for U.S. priVIM domestic
economy IV ~ aM '" l'IIpICIively for tile~ 1941 tIIrouIh 1979. ~ r-.t exarninltion
of this ion is in Section 11.8.

on the costs of the IIIdon .. • whole. National output prices (GNP-PI) and exogenous

chanles (Z) are m.aed IIDIIIly, but the productivity offJet (X) is set for a 10lller

period of tm..

(4)



~e incentive structure of the price cap plan in equation (3) is quite different

from that in equation (1). If equation (1) were the basis of a price cap plan, the

regulated finn would tind its output prices increasing faster than its input prices only if

its productivity growth exceeded that of the LEC industry, embodied in the productivity

offset X. tO If equation (3) were the foundation of the price cap plan, the regulated finn

would find its output prices increasing faster than its input prices only if its productivity

growth exceeded national productivity growth by more than the historical amount by which

LEC industry productivity growth exceeded national productivity growth. In equation (1),

the regulated finn effectively competes against a staDdard set by the LEC industry; if LEC

industry TFP growth increased rapidly, the individual firm would have to meet and exceed

that productivity growth rate in order for eamiDls to improve under equation (1). In

equation (3), the finn also competes against all other firms in the U.S. economy; if U.S.

TFP growth were to increase. the finn would have to match that productivity growth in

order to match the historical differential between LEC industry TFP growth and national

TFP growth.

If equation (1) were used in a price cap formula. the iDpul price growth rate

of the regulated indullry would have to be ........s. aad tile industry would be permitted

to pass throuab cban... in those input prices tbrouab its output prices. Since no outside

agency mudMIy calculates LEC input price indices IDd since automatic pass-throup of

input price cIw •• for tile industry would diminiah its iDcentives to control those price

changes (e.g.• throup collective baqaininl). a price cap plan baled OD equation (1) would

.
IOAssuminl input price powth 1'1III to be the SlIM far .. ftnn IIId the LEe induslry.
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be difficult~tg implement and would attenuate somewhat the incentive improvement expected

from price regulation. For those reasons, the differential formula (3) is used frequently

and equation (1) is never used.

This theoretical background enables us to understand the function of each

element of the LEe price cap plan. We can now assess how well each component has

performed since 1990.

u. INJi'LAnON

Inflation in the annual price cap adjustment formula plays a very specific role.

and a role that' has confused a number of parties in state and federal price cap

proceedings. The confusion stems from mistakiDI equation (3) for equation (1) above.

That is. it is sometimes thought that die role of the cbaap in GNP-PI in the price cap

formula is to measure changes in iDIzIII prices, as denoted by dw in equation (1). On the

contrary, as our above derivation sbows, the role that GNP-PI plays in the price cap

fonnula is to measure OIIJIUI price cbaDps for die U.S. economy as a whole. More

specifically. because the productivity offset is expreued as die djtfmpj.1 between the LEe

industry r.- of powth of TFP and that of the U.S. economy. the measure of output price

growtb ill tie formula pertains to the specific entity whole TFP growth we have used in

calcuJatiDI Ibe productivity differential.

The measure of national output price ~, combiDld with tile productivity

differential, ICXOUntI for cbaDps in input prices atI'ecdDI tile LEes. It performs this

-11·



function by measuring the output price change correspondina to the sector of the economy
~ - .

against which LEe TFP growth is compared in the productivity offset. How have national

output prices changed over time?

There are two commonly used measures of output price growth for the u.S. as

a whole that could be used in the price cap adjustmeDt fonnula:

• The GNP·PI measures the price chule for the aureaate of
the components of Gross NatioMl Product (GNP). At the
initialization of LEe price caps, tbe GNP-PI was calculated
usina 1982 commodity weilbtl. Tbe same index was used in
the 1991 annual fillina. The index bas since been reweiPted
and since 1992, filings have used an index with 1987
weipts. 11

• The GOP-PI measures price chE.p. for die agrepte of the
components of Gross Domestic Product (GOP) usina 1987
commodity weiihts.

Both indices measure output price growth but for slilbdy different~ of outputs.

Gross National Product is the value of fiDI1 loods (u oppoIed to intetmediace goods)

produced by U.S. -owned factors of production. Gross Domestic Product is about 99 percent

of Gross National Product, omittinl tbat portion of the output of (mal loods and services

produced abroad by all U.S.-owned flCtOrS of procIuctioa IDd iDcludinl that portion of the

output of final goods and services produced in the U.S. by foreip-owned factors of

production.

'111M two ONp·Pls ... ditrtr-K weipes to '._t die I'IIIdw iMpoI.....oldie eli... COIIIpOftlftts
of the ONP.
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A. NaticpJal Out. Prke Chania

Since 1982. the levels of GNP-PI, and GDP-PI have been virtually the same.

These measures of national inflation have grown at average annual rates of 3.65 and 3.66

percent respectively. 12 Since 1990. during the price cap period, the two measures have

averaged 3.50 and 3.51 percent growth respectively. Differences between the 1987-

weighted GNP-PI and GDp·PI measures are nqligible durinl the 1990-1993 period.

Currently. when applying the adjustment fonnula LEes are instnlcted to use the

fony·five day preliminary GDP-PI numbers and then perform atrue-up with a seventy-five

day GNP·PI. To the extent that this is an administrative burden. we see clear advantages

from allowing the LEes to use the GDP-PI throupout. 1be numerical ditrerences are

negligible. and in fact. there is a theoretical benefit from usiq the GDp·PI. Tbe GDP·PI

is somewhat more likely to measure output price cbaDps for tile buDdle of goods aDd

services whose TFP growth is measured by tile BLS. 13

11Caituilled by 1YtNIi.. _ua1 ,.. o( powdI.

1J11Ie 8U ,..111... • ,. TFP powdI far U.S. prh-. bai..... non-finn bulinea. IIId
mlllu(....... U.s 1 __ for of GNP; it .c..... die 10"-
sector. ow.- IIJ.~II. "I ••", nanproftt instiMil" 1••..,Ioyea .. cht "-o(.the-world
(ROTW) III I ,.... of by GOP·PI it clOla' to the
lit of ud by U.S. prW-. ".111. tlUI GOP .. u.S. pri-. bus...
exclude die ROTW _. AI a JIf'ICdc:-I~ LICIt 33 ..- pnllitletivity ofrlltw. not determined in PR¥iauu ....e.. lIl. by a TFP for .. Llel tom • TFP
powth rile (or U.S _it•• calculB.1I ~ .. BU. NI I U.S. TPP cilia compiled
by the BLS .. COIIIIMBIy pa ,'hi fila ¥tty ofaIt for the LEes
is dltenni..... 1_ it pM. by In ,....111. dais 141.- is pili'" for • sbift to the
GOP·PI because the p'OWdI ,.. o( the GNp·PI .. GOP·PI .. 10 limil••
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B. Input Price Chagcs

Central to the interpretation of the productivity 'offset in the price cap fonnula

IS the assumption that input price growth for the V.S. economy is the same as that for

the LEe industry. If these input price growth rates differ, that difference is included as

part of the productivity offset, as can be seen in equation (3).14 To shed some light on

the relationship between telecommunications input price growth and national input price

growth, we compared the input price index for the V.S. telecommunications industry and

the V.S. Private Business Sector for two different analysis periods: 19S1-1987 and 1984-

1990. Each analysis period corresponds to available data.

For the first period, 19S1-1987, we rely upon a TFP study conducted by L.R.

Christensen. UsiOl the Bureau of Labor Statistics (ilLS) multifactor productivity powth

estimates for V.S. Private Business 2nd the GNP-PI measure of national outpUt price

changes, we calculated an input price index for the U.S. economy for the years 19S 1-

1987. While in any year, this estimate of input price growth differs between the

telecommunications industry and the U.S. economy, those differences largely balance out

over time. If we cak:ulate a ten-year movq averap anmal growth rate for both, the

largest difference between the two is 1.4 percClUae poiDtl over the 1961-1987 period.

In a given year, die difrereDce in input price growths can be as little as 0.01'-' or as

much u 7.2~. Pi... 1 shows that over the 10lIl fUn, however, input price powth for

the U.S. ....oximn.. telecommunications input cost inflation. As of 1987. IOOl-run

'·When the inclinct IIIIIIIod of~ die k..ricII~ oftWt il Ulld • the Commission
did in 1990-the ....... value of X includesbodl the producdviCy dift'erlndalllld die ditl'eleace-if lI'Iy-in
input prices.
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annual input price growth averaged 6.53% for the ind~lStry and 6.23% for the U.S.

differing by only 0.30%. Moreover, there was no statistically significant difference between

industry and U.S. input price growth.

Fipn 1
Annual .n,.t Price Grewe. Rat. Difftnlletl

Teleeo••••ta..... - U.S. Eeono.y
1951-1917

80/0 ,..---------------------------,

60/0

40/0 -

2%

-2%

-4%

-60/0 I----------~---.:..--- .......-----:.-----'
1952 1957 1962 1987 1972 1977 1982 1987

ANNUAL 5-YEAR AVO 1o-YEAR AVO-
Our ...,. of iDput price powIIl cliffenaces over the sboner, more recem

period (1914-1990) yields similar resultl." UI" tile __ industry TFP study of L. R.

~ as ImIIdfaetor productivity powdI ariID'!M for U.S. Private luIiDess, and

the GNP-PI measure of national output price chIDpI, we .pin caIcuIIted aD input price

"While .... r...a CIIri••IIID II8dy ...,.. ..... ".. 1914 to 1992, 81.5 multi,... productivity
results .. only available dnuIh 1990.
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inde~ for the U. S. economy. BetWeen 1984 and 1990 input price growth for the U. S.

ranged from 3.5 to 6.3 percent while input price growth for the industry ranged from -0.4

to 12.0 percent. For this period of analysis we again find that there was no statistically

significa"nt difference between industry and U.S. input price growth. From this exercise.

we conclude that the productivity offset in a price cap plan should be the simple

differential between the annual TFP growth of the regulated firm and the U. S. economy;

there is no reliable evidence that input prices have grown--or will grow--at different rates

for the telecommunications industry and the U.S. as a whole. 16

m. PRODUCTIVITY GROWTH

Technical etrlCiency in economics has two compoMlltS. Static efticiency asb

whether at any point in time, the firm has produced as much output as possible given the

inputs it has used or, equivalently, whether the firm has produced its given level of output

using the lowest-cost bundle of inputs. Dynamic efficiency asks whether the firm invests

wisely in cost-reducinl or demand-expllldini teehDoJoP:al progresI to increase the

maximum output possible given its inputs or to reduce tile minimum cost of producina a

given level of outpUt. If price cap replatioD is to provide ftaQue ratepayen with effICient

telephone ......, it is -.ntial that dynamic efficiency be a major desian criterion and
.

that u.::e.t.. be aIIbIiJbed so that aetul LEC productivity IfOwdl is as high as

"Indeed, • shown below, diNa mi....... of the vily di Iy consistent
with the indirect m __ bINd on prices. SiM:e 1M i m_ .,.. iDcI the difference in
input price pvwth tIM dina ml••_ the ,. ........ !We ••alll produce simit.
resulu implies thlt the ditrel'WlCe in input price powth is 11IIII1 ovw '--""y Jona pIriods of time.
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possible. 17 . To achieve this goal, modifications--if any--to the price cap plan should be

examined in light of their possible consequences on the rate and direction of capital

investment in the network.

A. Productivity Cwgtl

Productivity growth is an increase in the amount of output obtainable from a

given set of inputs. There are a number of ways of measuring both outputs and inputs

which give rise to different measures of productivity growth. While each measure has its

use, the only comprehensive measure is total factor productivity (TFP).

Total (or multi) factor productivity measures the change in alJNPle output

corresponding to a given change in all inputs. In most calculations, agpepte output

growth is measured by a revenue-weighted averqe of the growth rates of iDdividual

outputs, and agarea_te input growth is measured by an expenciiture-weilbfed average of

the growth rates of individual inputs. I'

"Esllblilhi,. inc II.. to 1Hcit .... ptl .., ...... it ,...I_ty eli.. hBl .... biP
productivity 0.... C n ill_ ..iN to ••~ oftM~ die hi__ ,.
of productivity .r .. iII~~ to in TFP. How principii
feaure of dill • , .... h's incali.. te pIOduaiw is productivity0'" is [ I.,,, "'• .-r-. WhIIIIIr is low or hip adair i.......
effects 011 111M ."4. III II)'" IIId an 1M llllilh. of finn 10 nm. in ill 11 111 If" price
CIp pial to 111I~~ tor m-.I_ in ,.1111' ........
necwork lllllALI ~ve, stimu"inI ... in~ in cIan.-ic~ dill

milht odIerwi. III "1'" ........
"In COII-. ....... prlduclivily__ ,....IItriIy _ ........ ill .

output corresponcUna 10 •~ in in ,. wodrIr. WII ..
101M 1'Iit-- __ tor .... producIivity m Pl'D_Cltrity c..- be .... to... .die chInp
in the productive CII*itY of the finn.
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1. Total ~~ot Partial) Factor Productivity is ImplJed by the Price Cap Formula

For use in the price cap fonnula, total factor productivity (TFP) is the only

appropriate measure of productivity growth. First, use of TFP in setting a productivity

offset avoids distortions in the incentives of the finn. If, for example, prices of the

regulated firm were tied somehow to attainment of a labor productivity objective, the firm

would have the incentive to hire labor until the point at which w average productivity

of labor was maximized. This input choice rule is inconsistent with the rule followed by

profit-seeking firms in unregulated marlcets: to hire labor until the value of the additional

product made possible by the last worker just equals the wage rate.

Second, given the swcture of the annual price cap adjustment fonnula, smlx

total factor productivity can be used to set the productivity offset. The annual price cap

adjustment formula is designed so that if the finn achieves the industry productivity goal.

the allowed growth in its price cap will just equal the realized growth in industry input

prices. In Appendix I we demonstrate that TFP is the appropriate foundation for a

productivity offset in the price cap plan.

B. rpt.. apSE 1I.1pe PI' etC"'" c-.
A PUrpoll of this review of the LEC price cap plan is to determiDe bow the

LEe price CIp plan sbouId be improved if experieDce sugats that parameters of the plan

were set~y or that circumstaDCeS hid chanpld. In this section, we examine some

issues reaudiDI the productivity parameter of the plln: III lDI1ylis of the frequency with

which the productivity offset should be updated, IDd III u__ of diffemlt productivity

comparisons implicit in the productivity offset. We coaclude tbat if Illy chinle is

-II-



warranted. the productivity offset should be lower than the current 3.3 percent. a result

that confinns the findings reported in the Christensen Associates' study in this filing.

1. Should the Productivity Offset be Updated More Frequendy?

To update the productivity offset routinely as part of the price cap plan would

mitigate the very improvements in incentives that the Commission set out to create. 19

Under the current plan, the LECs' productivity offset was set at the beginning of the price

cap period and is now being reviewed after three years. This amngement diffen from

the inflation adjustment component of the price cap adjustment formula which is calculated

anew in each annual price cap filing. bued on the most recent reliable inflation data

obtainable. From put evidence of the volatility of TFP growth over sbon periods of

time. we conclude that use of short-term productivity results to make frequent productivity

offset updates (Le., every four years) would damqe the workiDp of a price cap regulation

plan. 20

True productivity lrowth for a firm. an iDdusay. or the U.S. u a whole varies

a great deal from year to year beeau. of productivity-iDcreIIiDI or productivUy4lcreasiDI

activities that occur lea frequendy tbID oace per year. For example, suppoee every five

years, a flllD wdllJOll • sipificIM I'IItI'UCtUriII in wbicb worUn aDd manapn

identifted _ .... are elimiMted from the payroll. MeuuIed productivity growth from

l'5in1i...,.......,11. of .......i_ to ... priclIJ to I'IfIIct et.e- in inttr.a ,.. would allO
diminish the illClftdve iol"~ of price ~ reIaIive to~ RoA ..1aIka.

ZOVolllility .... if • individull LEe's OWII pra "."icy WIN UIIII to iIIl • pradudivity
Idjdmlnt for thII LIe, .... incIIIIi.. bIIiI of ~ WCNId d A,.. in which
• LEe'. TFP powdI this y..- dlllnniMd its powdI nat y..- would be plriloutly clOll to ordin.-y
RoR reaulation.
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filure 2
U.S. Private Business TFP Growth
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this source would show (i) no change in four years out of five and (i) a productivity

increase in the fifth year dlat was roughly five times its long IUn annual rate. Obviously

if this source of productivity powth were important, productivity measurement averaged

over less than a five year period would yield a serious bias. In Figure 2, annual growth

in U.S. TFP is shown, and it is clear that IfOwtb estimates from one or two years can

seriously misstate tile 1011I nan averaae TFP powtb at any point in time. Using J.

Kendrick's estimates of U.S. TFP powth from 1814 to 1969, the picture that emerges is

that the volatility of TFP powth exceeds tbIt of tile U.S. business cycle, and that the

averale frtlll••Y of the TFP powth cycle over tbiI period is about 3 years. 21 More

recent anI1ysi1 by tile U.S. Deparunent of Commerce, sugests that between 1945 and

Zilbus .nual pvwdI ill 'J1l'P ri__ fills ... fIIIIIilIIy .... __ ....... in GNP, Iv..inl about
3 y... bMw.- paka or bIew_ croupa. J.W. K...... ,= Tn Epwpjc Grpwtb 1160-1970.
Wuhinaton D.C.: U.S. BUI"IMI of the Census, June 1973.
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The volatility of annual TFP measures is greater for smaller aggregates, such

8.0% ,----------------------------...,

4.0%

6.0%

-2.0%

-4.0% ........---......---......---------....:..---.......-------"""'1_

a minimum 3 year and perhaps even a S year period (a complete cycle) should be treated

1990 the business cycle length has increased to S years. 22 For statistical purposes then.
~.- -

as a single observation. Multiple 3 or S year periods--i.e., a minimum of 6 and maybe

measure with any dqree of precision.

as many as 10 years--must be observed to calculate a meaningful average productivity

as firms or industries. Figure 3 shows amual TFP growth for the telecommunications

uU.S. 0.,.... of C............ of Ec__1e~ s...,." o/CflVM/hJilMU. Aplil 1992,
e-25.
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Figure 2 shows significantly greater volatility at the industry level than for the U. S. as

matters for the productivity offset in the price cap formula. Figure 4 shows considerable

industry. as calculated by L. R. Christensen in his 1951-1987 study. 23 Comparison with

variation in annual productivity differences, ranging from 6.8 to -5.6 percent per year.

a whole. FinaJly. it is only the difference between national and finn TFP growth that

+3.8 aDd • 5' , _ of 1.03 ~.

The ex~ cIMIit.... ill the ten-year moviDI avenp an: reduced to a maximum of



The picture in Figure 4 also shows clearly that the long-run productivity

differential between the U.S. telephone industry and U.S. -private business averages about

2 percent per year. This same 2 percent differential has been observed by most students

of telecommunications productivity; possibly its strongest statement was provided by the

FCC staff in the federal price cap docket where they noted a constant productivity

differential (using output prices) of between 1.7 and 2 percent over the 1930-1989 period.z•

This relationship sUllests that the 3.3 percent productivity differential chosen by the

Commission, viewed from a long-run historical penpective, wit an ambitious goal to set

that would require higher than historical rates of productivity growth to accomplish.

These results show that annual productivity growth is too volatile to be used as

a determinate cf annual updates to the productivity offset. To obtain the full beneftt of

incentives to increase productivity growth and achieve the highest possible dynamic

efficiency, the productivity offset must be aaIIII over a 10111 period of time, so that the

firm will treat it as independent of any of its actions. AJ we discussed earlier, this gain

in dynamic effICiency is purcbued at the COlt of a deIeriontioIl in allocative effICiency,

if the firm's prices are permitted to deviate much from its costs. Z5

The risk of updlti.. the producdvity ofrlet is tbIt it eDCOUnaa tile fmn to

treat the offset as subject to its COIIttOI or-at leIIt-subject to uncenaiDty. This dallier

Zts 'R" t' 11 "D d" d.. CC a.MIl1-313. ( 11••11 MInh 12, 1990). A".dix
0, "Total Ttl.,.•• , .. kllivky in .... Pre .. ,. DI.. II by T.C. 1M J.M.....
and Stsgnd! a .. Q ' . CC DocktII7-313. (n".,' 01:1 4. 1990). App••• D. "1bIlAnI Term
View of the AppropriIII .......vicy , ... far Ii. I.~ A...• by T.C. ---.

Z5An ilium.... -.icII -.dy of' ........ ill CDRI...... ill It Set ......."Good R.eaulllOry
Reaimes,· 11w Be' JMMI of ,.... A_ I,." pp. 417-436: •

-23-


